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PREFACE 
T h i s  r e p o r t  i s  a p r e s e n t a t i o n  of r e s u l t s  from; ( 1 )  a Pre l iminary  Leakage 
Test ,  (2)  a Temperature S u s c e p t i b i l i t y  Leakage Test,  (3) and a Def l ec t ion -  
Leakage Tes t .  The t e s t s  were performed on Lockheed Modified AN F i t t i n g s .  
T h i s  r e p o r t  i s  p resen ted  i n  two s e c t i o n s ,  an "A"  s e c t i o n  which c o n t a i n s  
the  t e s t  r e su l t s  and a "B" s e c t i o n  which c o n t a i n s  the  T e s t  Procedure.  
A l l  t e s t s  were conducted i n  the high p res su re  t e s t  f a c i l i t y  a t  Hayes 
I n t e r n a t i o n a l  Corpora t ion ,  Birmingham, Alabama, under  Con t rac t  No. NAS8-2483,  
Task Order  H - 1 1 0  f o r  NASA-K-DE3. 
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PURPOSE 
The purpose o f  t h e s e  t e s t s  was t o  dcterrni.nc t h e  h y d r a u l i c  leakage c h a r a c t e r -  
j .st ics of  t h e  Lockhecd Modified AN F i t t i n g s .  
The lt inch, 3/4 x 1/2 inch Lockheed Modified F i t t i n g s  we- subjected t o  
(1)  a Preliminary Leakage Test, (2) Temperature Suscep t ib i l i t y  Leakage Test, 
and a Deflection - Leakage Test. The f i t t i n g s  were tested fo r  service using 
MIL-H-5606 Hydraulic F lu id  as the service media. Following are  tabulated 
r e s u l t s  from the  aforementioned tests. 
PRELIMINARY-LEAKAGE TEST 
FITTING TORQUE PFiESS, 
SI ZE ( IN-LB) ( PSIG) RESULTS 
1 1/4 inch 1500 3, Ooo No leakage 
3/4 x 1/!2 900 x 400 3, OOo No leakage 
inch 
1/2 inch 400 3,000 No leakage 
TEMPERATURE WSCEPTI BILITY TEST 
FITTlNG TORQUE PRESS. SPECIMEN RESULTS 
1 1/4 inch  1500 3,000 -65% No leakage 
+165'F No leakage 
3/4 x 1/2 900 x 400 3, OOo -65'F No leakage 
inch +165'F No leakage 
1 /2  inch 400 39 OOo -65OF No leakage 
+165OF No leakage 
DEFLECTION-LE AKAGE 
The 1 114 inch, 3/44 x 1/2 inch and 1/2 inch tube assemblies were pressurized 
t o  3,000 PSIG. 
tubing deformation resul ted.  No leakage occurred over a f i v e  minute 
Load was applied a t  the  end of the tubing u n t i l  a permanent 
monitoring period. 
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The tes t  specimens c o n s i s t e d  o f  one (1 )  1;: inch ,  two ( 2 )  3/11 inch  x 1/2 inch ,  
and one ( 1 )  4 inch  Lockheed Modified AN Unions. 
a machined annu la r  qroove around t h e  nose of t h e  f i t t i n q ,  a t  t h e  p o i n t  of  
c o n t a c t  w i t h  t h e  t u b e  f l a r e .  A Teflon s e a l  was  p laced  i n  t h e  annu la r  qrove .  
Below i s  a sketch and dimensions i l l u s t r a t i n g  t h e  Lockheed Modif ica t ion .  
The m o d i f i c a t i o n  c o n s i s t e d  of  
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CONCLUSIONS 
The r e s u l t s  of the hydraul ic  leakage t e s t s  performed on the  Lockheed Modified 
AN F i t t i n g s  lead t o  the follovrlng conclusions. 
(1 )  With a Teflon r i n g  i n s e r t e d  between the tube f l a r e  and f i t t i n g ,  the tube 
would not  t u r n  on the f i t t i n g  when torqueing the "B" nut. 
The 1 1/4 inch, 3/4 x 1/2 inch  and 1/2 inch  unions were leak t i g h t  when 
torqued t o  1500 IN-LB, 900 x 400 I N - L B  and 400 IN-LB respec t ive ly ,  and 
pressurized t o  3,000 PSIG. 
(2) 
(3) A t  s t a b i l i z e d  temperature extremes, sea l ing  c h a r a c t e r i s t i c s  axe no t  
affected.  
Deflect ion has  no e f fec t  on the sea l ing  c h a r a c t e r i s t i c s  of t he  te8 t  
specimens. 
(4 )  
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DISCUSSION OF RESULTS 
The 1 1/4 inch ,  314 x 1/2 inch ,  and 1/2 i n c h  Lockheed Modified AN F i t t i n g s  
and t u b e s  were assembled u s i n g  torque v a l u e s  of 1500 i n - l b ,  900 i n - l b  x 400 
i n - l b ,  and 400 i n - l b ,  r e s p e c t i v e l y .  I n  each  case,  t he  tube  d i d  n o t  t u r n  on 
t h e  f i t t i n g .  T h i s  was caused by the c o - e f f i c i e n t  of f r i c t i o n  between the 
T e f l o n  s e a l  and the tube f l a r e .  The t u b e s  had t o  be f i x e d  r i g i d l y  be fo re  
t h e  r e q u i r e d  torque  v a l u e s  could be reached.  
PRELI MCNARY LEAKAGE TEST 
The 1 1/4 inch ,  314 x 1/L i n c h  and 1/2 inch  tube a s sembl i e s  were h y d r a u l i c a l l y  
p r e s s u r i z e d  t o  3,000 PSIG and l e a k  checked both  v i s u a l l y  and by observ ing  
a p r e s s u r e  gage. No l e a k s  were de tec ted .  
TEMPERATURE SUSCEPTIBILITY TEST 
The t u b e  a s sembl i e s  were p laced  i n  t h e  thermal  chamber and were p r e s s u r i z e d  
t o  3,000 PSIG. 
A f t e r  t h e  specimen tempera ture  s t a b i l i z e d  a t  -65'F, a v i s u a l  i n s p e c t i o n  was 
performed. No leakage  was ev iden t .  The specimens were then  s u b j e c t e d  t o  a 
tempera ture  of +165OF. 
t h e  h y d r a u l i c  f l u i d .  
The specimen temperature  was lowered t o  -65OF u s i n g  GN2. 
Care was taken n o t  t o  approach t h e  f l a s h  poin t  of 
A f t e r  t he  specimen temperature  s t a b i l i z e d  a t  +165OF, a 
v i s u a l  i n s p e c t i o n  was performed. No leakage was ev iden t .  
DEFLECTION-LEAKAGE TEST 
The Deflect ion-Leakage T e s t  was s e t  up i..n accordance w i t h  F igure  No. 3, Page 
No. B13. 
Leakage T e s t  and yvbre p r e s s u r i z e d  t o  3,000 PSIG. 
The t u b e  a s sembl i e s  were to rqued  t o  v a l u e s  g iven  i n  the P re l imina ry  
The t u b e  assembly was d e f l e c t e d  by apply ing  a load  w i t h  l e a d  weights. 
l o a d i n g  was cont inued  u n t i l  a permanent deformat ion  occurred.  
minutes ,  no leakage was ev iden t .  
The 
A f t e r  f i v e  
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PURPOSE: The purpose of t h e s e  t e s t s  i s  t o  determine i f  t h e  t e s t  specimen 
w i l l  l e ak  while  under s imulated ope ra t ing  cond i t ions .  
I. GENERAL INSTRUCTIONS 
1.1 SAFETY 
1.1.1 The t e c h n i c i a n  performing t h e  t e s t  s h a l l  i n s p e c t  a l l  t e s t  se tups ,  
and s h a l l  be r e spons ib l e  f o r  s a f e t y  of  personnel  and equipment 
while  t e s t s  a r e  be ing  conducted. 
1.2 EQUIPMENT 
1.2.1 A l i s t  crf a l l  equipment used d u r i n g  t h e  t e s t ,  i n c l u d i n g  d a t e  of 
l a s t  c a l i b r a t i o n  and accuracy of  each,  s h a l l  be a t t ached  t o  
t h i s  Te S t  Procedure.  
1.2.2 P recau t ion  s h a l l  be exe rc i sed  t o  keep t h e  t e s t  system c l e a n  a t  
a l l  t imes.  P r o t e c t  d i sconnec ted  l i n e s ,  open p o r t s ,  e tc . ,  from 
contaminat ion  by covering w i t h  aluminum f o i l .  P r i o r  t o  i n s t a l l -  
i n g  t h e  t e s t  specimen i n  t h e  t e s t  f i x t u r e ,  purge a l l  p a r t s  of 
t h e  system t h a t  have been d isconnec ted .  
1.3 OPERATIONS 
1.3.1 Each o p e r a t i o n  i n  t h i s  T e s t  Procedure s h a l l  be completed and 
s igned  by t h e  t echn ic i an  performing t h e  ope ra t ion .  
1.3.2 Pres su re  r e a d i n g s  s h a l l  be made wi th  c a l i b r a t e d  gages. Gage 
accuracy t o  be 1/4 of 1% of f u l l  s ca l e .  
1.3.3 Ex te rna l  leakage s h a l l  be determined w i t h  a l e a k  d e t e c t o r  
s o l u t i o n  u n l e s s  otherwise s p e c i f i e d .  
Temperature measurements s h a l l  be made wi th  thermocouples.  1.3.4 
1.4 RECORDS 
1.4.1 
1.4.2 
Complete r e c o r d s  of  a l l  t e s t  o p e r a t i o n s  s h a l l  be maintained.  
A l l  p e r t i n e n t  in format ion  ob ta ined  du r ing  t e s t i n g  s h a l l  be 
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e n t e r e d  on t h e  Data Shee ts  provided i n  t h i s  T e s t  Procedure,  o r  
w r i t t e n  on a s e p a r a t e  sheet. and a t t a c h e d  t o  t h i s  Tes t  Procedure.  
1.5 FAILURES 
1.5.1 F a i l u r e s  s h a l l  be r epor t ed  t o  t h e  Test  Engineer immediately.  
1.6 RETESTING 
1.6.1 R e t e s t i n g  s h a l l  be done a t  t,he d i s c r e t i o n  of t h e  Tes t  Engineer  
t o  prove t h e  r e l i a b j l i t y  of d a t a  obta ined .  
R e l i a b i l i t y  of d a t a  s h a l l  be t h e  r e s p o n s i b i l i t y  o f  t h e  c o n t r a c t o r .  
R e t e s t i n g  a t  t he  r eques t  of t he  customer can be nego t i a t ed .  
1.6.2 
1.6.3 
1.7 DEVIATIONS 
1.7.1 Dev ia t ions  from t h e  requi rements  s h a l l  be accomplished only a f t e r  
approval  from the  NASA Monitor ing Agency. 
1.8 REPORTS 
1.8.1 An Engineer ing  T e s t  Report s h a l l  be prepared and submi t ted  t o  
t h e  customer upon completion of t c S t i n g .  
1.9 DISPOSITION 
1.9.1 The specimen, w i th  a l l  spare  p a r t s ,  s h a l l  ,e reasscrnb ed and 
packaged f o r  shipment t o  NASA. 
fu rn i shed  by t h e  NASA Monitoring Agency. 
Shipping i n s t r u c t i o n s  will be 
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I1 . TEST PROCEDURE 
201 PRELIMINARY LEAKAGE TEST 
The purpose of t h e  Pre l iminary  Leakage Test is t o  determine i f  the  
t e s t  specimens l e a k  a t  t h e i r  minimum and/or maximum to rque  while 
under o p e r a t i n g  pressure .  
2.1.1 Assemble the  test specimens accord ing  t o  F igure  No. 1, Page No. B10 
and accord ing  t o  the fo l lowing  i n s t r u c t i o n s .  
2.1.1.1 C u t  two s e c t i o n s  of  tub ing  1 1/4" x .049" wa l l ,  two s e c t i o n s  
of t u b i n g  314" x 00%" wal l ,  and t h r e e  s e c t i o n s  of t u b i n g  
1/2" x .065" wal l ,  each 10 i n c h e s  long. 
2.1.1.2 Clean a l l  of t h e  Modified AN F i t t i n g s  and tubes w i t h  
t r i c h l o r o e t h y l e n e  and water. 
2.1.1.3 P lace  the  appropr i a t e  s i z e d  sleeve and "B" n u t  on each  end 
of each  tube. 
2.1.1.4 F l a r e  each  end tube per Design Standard  Mc146. 
2.1.1.5 Connect each  s e c t i o n  of t ub ing  per Figure  No. 1, Page No. B10. 
2.1.1.6 Torque the  1 1/4 inch f i t t i n g s  t o  1500 in- lb ,  t he  3/4 i n c h  
f i t t i n g s  t o  900 in- lb ,  and t h e  1/L i n c h  f i t t i n g s  t o  400 
in-  1 b , pe I: MSFC-SPEC- 10509 303. 
2.1.1.7 Complete the  t e s t  se tup  by connec t ing  t h e  1 1/4 i n c h  tube 
2.1.2 
2.1.3 
2.1.4 
assembly t o  the  hydrau l i c  p re s su re  system, per Figure No. 1, 
Page No. B10. 
Using Pump No. 1, pres su r i ze  the  t e s t  specimen t o  3,000 PSIG a s  
i n d i c a t e d  on gage No. 2. 
Check each  f i t t i n g  f o r  leakage v i s u a l l y  and by moni tor ing  gage 
No. 2 f o r  5 minutes.  
Page No. B15. 
If  any leakage can be de tec ted ,  dep res su r i ze  t h e  system by loosen-  
i n g  Plug a t  t h e  end of tubing. 
Record f i n d i n g s  on Data S h e e t  No. 1, 
Page B6 
2.1.5 I n c r e a s e  the to rque  on the l e a k i n g  f i t t i n g s  i n  increments  of 
50 i n - l b ,  u n t i l  l eak ing  stops.  Repeat o p e r a t i o n s  2.1.2 through 
2.1.4 for e a c h  increment  of torque.  
a t  which t h e  f i t t i n g s  are leak t i g h t ,  on Data Shee t  No. 1, Page 
Record t h e  torque  va lue  
NO. B15. 
2.1.6 Depressur ize  the  sys tem by loosening  p lug  a t  t h e  end of  tubing. 
2.1.7 Repeat 2.1.1.7 t h r u  2.1.6 for  the  3/4 x 1/2 i n c h  f i t t i n g  and 1/2 
i n c h  tube f i t t i n g .  
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2.2 TEMPERATURE SUSCEPTIBILITY-LEAKAGE TEST 
The purpose of t h e  Temperature Suscep t ib i l i t y -Leakage  Test i s  t o  
determine t h e  e f f e c t s  of environmental  t empera ture  ex t remes  on t h e  
s e a l i n g  c h a r a c t e r i s t i c s  o f  the  t e s t  spc imens .  
2.2.1 Arrange t h e  t e s t  s e t u p  according t o  F igure  No, 2, Page No. B12. 
A s c e r t a i n  t h a t  a l l  v a l v e s  a r e  c losed ,  Torque the  f i t t i n g s  t o  
t h e  l e a k  t i g h t  t o rque  va lues  ob ta ined  i n  S e c t i o n  2.1 of  t h i s  
T e s t  Procedure I. 
2.2.2 P r e s s u r i z e  the  sys t em t o  3,000 PSIG, a s  i n d i c a t e d  by gage No. 2, 
by i n c r e a s i n g  a i r  p re s su re  a t  t h e  h y d r a u l i c  p re s su re  panel  No. 1. 
2.2.3 Slowly open va lve  No. 5 u n t i l  a s t e a d y  f low of GN2 e n t e r s  t he  
the rma l  chamber. A l l o w  the t e s t  specimens' body tempera ture  t o  
s t ab i l i ze  a t  -65OF. 
2.2.4 V i s u a l l y  check f o r  e x t e r n a l  leakage of h y d r a u l i c  f l u i d .  Record 
f i n d i n g s  on Data S h e e t  No. 2, Page B16. 
2.2.5 Close  va lve  No. 5. Energize h e a t e r  No. 4 by c l o s i n g  swi tch  
NO. 10. 
2.2.6 Allow t h e  t e s t  specimens' body tempera ture  t o  s t a b i l i z e  a t  +165'F. 
Care should  be taken  so h e a t e r  e lement  does  n o t  p h y s i c a l l y  c o n t a c t  
t e s t  s e t u p  and t h a t  hydrau l i c  p re s su re  increase due t o  tempera ture  
change is r e a d j u s t e d  by manipula t ion  of  hand valve No. 3. 
2.2.7 Repeat 2.2.4 
2.2.8 Open swi t ch  No. 10 and depres su r i ze  system by opening va lve  No. 3. 
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2.3 DEFLECTION-LEAKAGE TEST 
The purpose of t h e  Deflection-Leakage T e s t  is t o  determine the l e a k -  
age c h a r a c t e r i s t i c s  of t h e  t e s t  specimens while under pressure  and 
while k i n g  s u b j e c t e d  t o  bending stresses. 
2.3.1 Arrange t h e  Deflection-Leakage Test s e t u p  accord ing  t o  Figure 
No. 3 Pags No. B13. Torque a l l  f i t t i n g s  t o  leak t i g h t  torque 
v a l u e s  found i n  2.2 of t h i s  T e s t  Procedure. 
With t e s t  s e t u p  "A" e n e r g i z i n g  Switch No. 3 on pump No. 2 and 
p r e s s u r i z e  t h e  system t o  3,000 PSIG a s  i n d i c a t e d  by gage No. 1. 
2.3.3 Begin adding weights  u n t i l  a permanent deformation ex is t s  i n  tho 
tub ing ,  
2.3.2 
2.3.4 Monitor gage No. 1 f o r  five minutes. Record f i n d i n g s  on Data 
Shee t  No. 3 Page B17. 
2.3.5 Remove weights  and d e p r e s s u r i z e  t h e  system by loosening  cap a t  
end of tube. 
Repeat  2.3,2 t h r u  2a3,5 f o r  s e t u p  "€3". 2.3.6 
FIGURE NO. 
1 . PRELIMINARY LEAKAGE 
Page B 9  
APPmDIX NO. 1 
TEST SETUP . . . . 
2, TEMPERATURE SUSCEPTIBILITY-LEAKAGE TEST SETUP 
3. DEFLECTION-LEAKAGE TEST SETUP . * *  
PAGE 
. . B10 e .  
e B 1 2  
. . e .  B13 
m@J a *  
0 
O Z  
0 
o w  
m C 3  o a  
.;"3 
0 
OI 
P 8 .  0 
a 
0 
9 
0 . 
x 
c s 
0 
9 
0 
X 
. 
! -  
I 
I 
1 
1 
~I 
I 
1 
I 
'I 
I 
1 
I 
I 
1 
1 
I 
1 
1 
FIND NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
page B l l  
QUAN . 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
DESCRIPTION 
UNION 
B NUT 
SLEEVE 
PLUG 
U N I O N  
B NUT 
SLEEVE 
PLUG 
UNION 
B NUT 
SLEEVE 
PLUG 
S I Z E  VENDOR 
14" LOCKHEED 
14" 
14" 
1 1 9 1  
4 
+' LOCKHEED 
3" 
9' 
-P 
3/4"x1/2"  LOCKHEED 
3/4" 
3/4" 
3/4" 
NOMENCLATURE SHEET - PRELIMINARY LEAKAGE TEST SETUP 
Page B12 
m 
1 
Page l313 
w 
4 
t- 
g4 2 
I 
[-]E 
w 
E 
I -  
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Page B14 
APPENDIX NO. 2 
DATA SHEET NO. PAGE 
1 .  PRELIMINARY LEAKAGE TEST. 0 .  . 0 .  . . B15 
2. TEMPERATURE S U S C E P T I B I L I I Y  - LEAKAGE E S T  . a .  B16 
3. DEFLECTION-LEAKAGE TEST e . .  . . .  . E17 
C 
0 
4 
c, 
0 
0, 
C 
C 
0 
0 
c, r cn 
.d 
c, 
A 
(0 
0, 
rl 
k 
0 
%a 
7; 
m 
v) 
v) aJ 
0 
al 
C 
0 
C 
.I4 
W 
3 
0- 
k 
0 
4-' 
al 
k 
0 z 
* 
9 
P 
1 a 
0 
c . 
n a 
r 
0 
a a 
Pagb 1316 
8 
2 
I 
I 
I 
I 
v) 
il 
H 
14 
z a 
a 
k 
8 
w 
a 
0 1 
C 
0 
4 
rl 
k 
0 
w.l 
CT 
C 
.rl 
a, 
3 
0- 
k 
0 
+.‘ 
a, 
k 
0 z 
* 
m 
m 
2 
I- 
cn 
;r 
a 
I- cn 
W 
I- 
.d 
4 
-d -0 r w  c r  
3 v )  
.r( 
- 0 %  
w l  
V c l  a 0  
u) 
Y 
3 w a 
1 
I 
k 
0 
+I 
aJ 
-0 
+IC+-' 
c u m  
nf i  
.. 
' I  
I 
I 
I 
1 
I 
8 
I 
I 
I 
1 
i 
I 
1 
I 
I 
1 
I 
I 
K-VM 
K-VM23 
K-L 
K-LP 
K- F 
R-TEST-C 
R-TEST-CF 
R-TEST-CFL 
R-TEST-?T 
R-QUAL-QET 
R-P&VE-VM 
K-QUAL 
K-DP 
L-DP3 
K-DE 
K- DE 
K-DE3 
K-DE4 
K-DA 
K-DR 
MSC- FO 
K-GT4 
K-GA6 
DISTRIBUTION LIST 
Mr. P i c k e t t  (2) 
Mr. Rainwater (2) 
Mr. Gorman 
Mr. Sweat 
Mr. Dodd 
Mr. G r a f t o n  
M r .  F o r b i s  
Mr. Greer 
M r .  S a d l i a  
M r .  Bunn 
Mr. Jacobi  (2) 
Mr. K r a m e r  
Mr . Wa si l e  s k i  
Me ssrs . MintonjLamb/Wa 1 l a c e  ( 3 )  
Mr. R. T. Moore, Jr. 
hlr. S t a h l e y  
Mr. Hahn (6) 
Mr. Downs 
Mr. K i r k  
Mr. Hooker (3) 
hlr.  Comer 
Technica l  P u b l i c a t i o n  S e c t i o n  
Technica l  L i b r a r y  (3) 
Cape Kennedy 
Cape Kennedy 
Cape Kennedy 
Cape Kennedy 
Cape Kennedy 
Redst one A r  sena 1 
Redstone Arsenal  
Redstone Arsenal  
Reds tone Arsena 1 
Redstone Arsenal  
Redstone Arsenal  
Cape Kennedy 
H u n t s v i l l e  
Hunt s v i  1 l e  
Huntsvi1 l e  
Hunt s v i l  l e  
H u n t s v i l l e  
H u n t s v i l l e  
H u n t s v i l l e  
H u n t s v i l l e  
Cape Kennedy 
Cape Kennedy 
Cape Kennedy 
I n  forma t i o n  F a c i l i t y  
P .  0. Box 5700 
Bethesda,  Maryland 
Sc ien t i f i c  and Technica l  (2) 
